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Nomination of GAMT Deficiency 

Nominator: 

Nicola Longo, MD, PhD (University of Utah) 

 

Co-Sponsoring Organizations: 

ïMarzia Pasquali, PhD (University of Utah, ARUP Labs) 

ï(no advocacy group mentioned) 

 

Advocate Organizations: 

 Association for Creatine Deficiencies (ACD; creatineinfo.org)

     



Key Questions 
1. The nominated condition(s) is medically serious? 

2. Prospective pilot data (U.S. and/or international) from 

population-based assessment are available for this 

disorder? 

3. A case definition and the spectrum of this disorder is well 

described, to help predict the phenotypic range of those 

children who will be identified based on population-based 

screening? 

4. Analytic validity: The characteristics of the screening test(s) 

are reasonable for the newborn screening system (among 

other aspects, a low rate of false negatives)? 

5. Clinical utility: If the spectrum of disease is broad, those 

who are most likely to benefit from treatment are 

identifiable, especially if treatment is onerous or risky? 

6. Defined treatment protocols, FDA approved drugs (if 

applicable) and treatment are all available? 

 



Creatine Deficiency Syndromes 



Creatine Deficiency Syndromes 
Deficiency 

# of 

Affected 

Persons 

Age of 

Onset 

Intellectual 

Disability 

Epilepsy Movement Disorder Behavior 

Problems and 

other 

Symptoms 

Treatment 

& 

Outcome Frequency 
Drug 

Resistance 
Frequency Severity 

GAMT 110 

3 

months 

ï 

3 years 

Mild to 

severe 

69/80 

(86%) 
46% 

30/80 

(37.5%) 

Mild to 

severe 

Hyperactivity, 

autism 

spectrum 

disorder, 

aggressive 

behavior, self-

injurious 

behavior 

Treatment: 

Creatine, Orn 

supplementation; 

Arg or protein 

restriction 

 

Outcome: 

Improvement but 

best when 

initiated early! 

AGAT 14 
Mild to 

moderate 
2/14 (14%) None None 

Muscle 

weakness (67%) 

Treatment: 

Creatine 

supplementation 

 

Outcome: 

Improvement but 

best when 

initiated early 

CRTR 
(X-linked) 

>160 

<3 

years 

(males) 

Mild to 

severe 

59/101 

(60%) 

males 

3/59 

(5%) 

41/101 

(40%) 

Mild to 

severe 

86/101 (85%) 

attention deficit 

hyperactivity, 

autism 

spectrum 

disorder 

Treatment: 

Creatine, Arg, Gly 

supplementation; 

(Cyclocreatine) 

 

Outcome: 

poor 

Adapted/modified from: Mercimek-Mahmutoglu S, Salomons GS. Creatine Deficiency Syndromes. 2009 Jan 15 [Updated 2015 Dec 10]. 

In: Pagon RA, Adam MP, Ardinger HH, et al., editors. GeneReviews® [Internet]. Seattle (WA): University of Washington, Seattle; 1993-

2016. Available from: http://www.ncbi.nlm.nih.gov/books/NBK3794/ 



Date of download:  5/6/2016 Copyright © 2016 McGraw-Hill Education. All rights reserved. 

 Two patients with GAMT deficiency. (AïC) The index patient. Oral supplementation with creatine was started at the age of 23 

months. (A) Severe muscular hypotonia and weakness at 9 months. (B) Dystonia at 22 months. (C) Considerable improvement of 

motor abilities after treatment with creatine at 5½ years. (D) The second patient with GAMT deficiency at the age of 4 years. 

(Courtesy of Prof. Rating, Heidelberg.) 

  

Legend: 

From: Guanidinoacetate Methyltransferase Deficiency 

The Online Metabolic and Molecular Bases of Inherited Disease,  2014 
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Guanidinoacetate (GAA) 

Urine CSF Plasma DBS 

GAMT ŷ ŷ ŷ ŷ 

Creatine Deficiency Syndromes 
Biochemical Genetic Diagnosis 

 



GAA Creatine (Cr) 

 

Creatinine (Crn) 

 

Cr/Crn 

 

Urine Plasma Urine Plasma Urine Plasma Urine Plasma 
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AGAT Ź - N Ź - N Ź - N Ź - Ź - N Ź - N - 

CRTR ( ) N N N ï ŷ N - Ź - N N ï (ŷ) - 

CRTR ( ) N N N ï ŷ N - Ź - N ŷ - 
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GAMT ŷ ŷ Ź - N Ź Ź - N Ź - N Ź - N - 
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CRTR ( ) N N N ï ŷ N Ź - N Ź - N N ï (ŷ) - 

CRTR ( ) N N N ï ŷ N Ź - N Ź - N ŷ - 

Creatinine 

Creatine Deficiency Syndromes 
Biochemical Genetic Diagnosis 

 



Diagnostic Algorithm 

from: Mercimek-Mahmutoglu S, Salomons GS. Creatine Deficiency Syndromes. 2009 Jan 15 [Updated 2015 Dec 10]. In: Pagon RA, Adam 

MP, Ardinger HH, et al., editors. GeneReviews® [Internet]. Seattle (WA): University of Washington, Seattle; 1993-2016. Available from: 

http://www.ncbi.nlm.nih.gov/books/NBK3794/ 
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Creatine 

ÅSource: 

Á Diet 

Á Biosynthesis 

 

ÅFunctions: 

Á Regeneration of ATP 

Á Neurotransmitter in 

CNS 

 



) 

ÁReduce GAA:  

ÅOrnithine supplementation 

ÅArginine restriction 

ÅNa-Benzoate to bind/excrete Glycine 

GAMT Deficiency 
Å Pathophysiology: 

Á Creatine deficiency 

Á Accumulation of 

neurotoxic GAA 

Å Treatment rationale: 

Á Restore Creatine pool: 

ÅCreatine supplementation in 

high doses to overcome poor 

uptake by CNS 

Å (SAM supplementation) 



GAMT Deficiency 

ÅTreatment outcomes: 

ÁSymptomatic patients 

improve 

ÁPatients treated early 

in life have (near) 

normal development 

ÁTreatment interruption 

may result in 

irreversible damage      

(El-Gharbawy AH et al. Mol 

Genet Metab. 2013; 109: 

215ï7) 

 

From: Stockler-Ipsiroglu S et al. Mol 
Genet Metab. 2014; 111:16ς25 



1. The nominated condition(s) is medically serious? 

2. Prospective pilot data (U.S. and/or international) from 

population-based assessment are available for this 

disorder? 

3. A case definition and the spectrum of this disorder is 

well described, to help predict the phenotypic range of 

those children who will be identified based on 

population-based screening? 

4. Analytic validity: The characteristics of the screening 

test(s) are reasonable for the newborn screening system 

(among other aspects, a low rate of false negatives)? 

5. Clinical utility: If the spectrum of disease is broad, those 

who are most likely to benefit from treatment are 

identifiable, especially if treatment is onerous or risky? 

6. Defined treatment protocols, FDA approved drugs (if 

applicable) and treatment are all available? 

Yes 

Yes (AUS) ss   

ss 

ssssssssss    

Yes (based 

on 110 pts.) 

Key Questions 



Molecular Genetics and 

Metabolism 



Molecular Genetics and 

Metabolism 


